which underlines the importance of early recognition and acute therapeutic interventions.
Stroke-related visual symptoms are often challenging to recognize, for both patients and healthcare professionals, although stroke is the most common cause of homonymous hemianopia. 3 Patients may be unaware of the visual field defects 7 or confuse them with migraine aura or with ophthalmologic disorders. Posterior circulation (PC) strokes are more frequently misdiagnosed at the emergency department (ED) compared to anterior circulation (AC) strokes, 8 and IV thrombolysis may be withheld due to patients' lower National
Institutes of Health Stroke Scale (NIHSS) score. 9 Moreover, PC strokes appear to accompany a longer prehospital delay [10] [11] [12] and door-toneedle time 11, 13 compared to AC strokes, despite their equally good clinical outcome when treated with IV thrombolysis. 14, 15 However, the clinical picture of PC stroke is often dominated by other symptoms and signs, and therefore, studies on PC stroke in general may not be representative of occipital stroke. Although occipital stroke has received relatively little attention, these patients also seem to benefit from IV thrombolysis. 16 This single-center, observational, retrospective, registry-based study aims to identify the prehospital pathways and delays of occipital strokes presenting with mainly visual symptoms, to investigate obstacles in their recognition, and to determine factors associated with greater delays. Stroke patients with other neurological deficits, such as hemiparesis or dysphasia, were excluded because these manifestations may overshadow visual symptoms. Other mild accompanying symptoms, such as headache, nausea, dizziness, or mild sensory disturbances, were allowed. In-hospital onset stroke patients and patients primarily treated in other neurological units were excluded due to their incomparable diagnostic pathways. HUCH, the single neurological ED and the only unit providing thrombolysis and thrombectomy in Helsinki and Uusimaa region, was selected as the endpoint of the prehospital pathway. The HUCH neurological ED provides the tertiary emergency and urgent stroke service for the population of Helsinki and Uusimaa region (catchment area of approximately 1.6 million) and treats 5500-7500 neurological patients yearly. According to the local prehospital guidelines, all previously independent patients of over 16 years of age with suspected stroke of onset less than 2 weeks ago are to be referred to the neurological ED for evaluation. Furthermore, patients with suspected stroke of onset≤4.5 hours should be transported as a priority, and the on-call stroke physician alerted prior to arrival. 17 The data collected from medical records included demographics, According to Finnish law, registry-based studies with no patient contact do not require ethical approval. 
| MATERIALS & METHODS

| Statistical analysis
| RESULTS
Among 10 775 stroke patients, we found 245 individuals (2.3%) meeting the inclusion criteria during the study period. Their demographics, medical history, clinical presentation, and diagnostic pathways are presented in Table 1 . The imaging-negative patients who were diagnosed based on clinical criteria were scanned with either CT (n=9)
or CT and CTA (n=2).
The exact symptom-onset time was reported for 33.5% and for the rest with the accuracy of hours or days. ODT ranged from 20 minutes to 5 weeks. 29.0% made their first contact to health care within 4 hours from symptom onset, and 20.8% arrived at the neurological T A B L E 1 Demographics, symptoms, clinical findings, and features of prehospital pathway presented for all patients and according to the delay to the neurological ED None of the patients underwent thrombectomy, either due to ineligibility on account of mild symptoms or contraindication, or lack of proximal thrombosis in angiography. Figure 3 and Table 2 outline the pathways of the patients.
Of the patients who arrived within 4.5 hours, but were not assessed in the expedited thrombolysis candidate pathway, only 17.9% (n=5)
were missed because of incorrect diagnosis of either ophthalmologic disorder (n=3) or migraine (n=2). Other reasons for not evaluating a patient according to the thrombolysis protocol, despite an appropriate time window, included poor recognition by neurological ED personnel (n=3), low NIHSS score (n=3), contraindication (n=1), or the reason was unavailable (n=6). The most common arguments to abstain from IV thrombolysis after proper evaluation were contraindication (n=9) and low NIHSS score (n=5), but two patients were also misdiagnosed.
The primary reason for ODT beyond 4.5 hours was patientdependent delay (n=143, 73.4% of patients with ODT>4.5 hours).
Other explanations included an unclear time window (n=25), misdiagnosis in health care (n=11), poor recognition of a potential thrombolysis candidate (n=6), other reason (n=3), or the reason was unavailable (n=6). Among patients who contacted health care within 4.5 hours, poor recognition prohibited 38% from evaluation for thrombolysis.
In 32.7%, either a physician or EMS personnel first suspected other etiology than stroke: most frequently ophthalmologic disorders (n=54) or migraine (n=11). Most misinterpretations occurred by primary care physicians (n=52).
Between the patients with ODT≤4.5 and >4.5 hours, several statistically significant differences arose ( 
| DISCUSSION
This study shows that there are significant delays in recognition of occipital stroke presenting predominantly with visual symptoms. Only 20.8% of the patients arrived at the neurological ED within 4.5-hour time window of IV thrombolysis, the rate of which was merely 6.5%.
The most common reason for the delayed arrival was patients' late contact to health care, but their recognition was also inadequate, with as many as 27.3% arriving through more than one point of care.
Notably, only 20.0% of the patients used EMS. Factors associated with ODT≤4.5 hours were arrival by EMS, direct pathway to the neurological ED, and atrial fibrillation, whereas a visit at an ophthalmologist and initial misdiagnosis were associated with ODT>4.5 hours.
After multivariable analysis, only direct arrival independently predicted ODT≤4.5 hours.
ODT in our study ranged from 20 minutes to 5 weeks, with only one-fifth of the patients arriving within 4.5 hours. In a review by -all higher than in our study. The low number of patients with ODT≤4.5 hours was reflected in the thrombolysis rate that was considerably lower than the 26.9% previously reported for all ischemic stroke patients treated in the same clinic in 2011-2013, 22 resembling findings on PC strokes. 12 This is unfortunate because the majority of occipital stroke patients with isolated homonymous hemianopia treated with IV thrombolysis experience improvement. 16 Considering the efficacy of early secondary prevention, 23 it is equally worrisome that almost half of the patients arrived after 24 hours and 8.2% even after 1 week.
ODT>4.5 hours was most often attributed to patients' late contact to health care, suggesting that they do not recognize visual symptoms as a manifestation of stroke. This is in line with a review that found patients' unawareness and lack of urgency to seek medical help as main barriers to IV thrombolysis. 24 In a recent study, only 5% of acute stroke patients regarded visual disturbances as a stroke symptom, in contrast to over 30% for speech difficulties and unilateral weakness. 21 Moreover, patients with visual symptoms seem to rely on EMS less frequently than those with other neurological defects.
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Our results support these observations, with a lower percentage of patients using EMS compared to the 22%-65% reported for all stroke patients. 10, 11, 20, [26] [27] [28] [29] [30] [31] Not only patients, but also healthcare professionals experienced difficulties in recognizing stroke-related visual symptoms, as over a quarter of patients arrived through at least two points of care. Because the prehospital pathway to the neurological ED without misdiagnosis is either directly via EMS or by referral through one healthcare unit, this number coarsely demonstrates the frequency of inadequate recognition in health care. In addition, in some occasions, misdiagnosis lengthened the delay without causing extra visits, raising the total number of incorrect initial diagnoses to 32.7%. This is higher than the 22% previously reported for all strokes, yet almost equal to the 35% for PC strokes. 8 Interestingly, in the same study, vision changes were associated with lower odds for misdiagnosis. 8 Contrary to our study, however, those patients did not present with isolated visual disturbance, which might explain the differing results.
F I G U R E 3 Flowchart outlining the pathway of the patients
Differential diagnosis to ophthalmologic disorders proved particularly challenging, with more than one-fifth of the patients erroneously misdiagnosed and more than one-fourth examined by an ophthalmologist before admission to the neurological ED. We observed a trend for patients with previous eye disorders to arrive less frequently within 4.5 hours, which may reflect a tendency to interpret their current symptoms as related to prior disease. Surprisingly, a history of migraine lacked a similar effect. Most migraine patients reported that their visual symptoms differed from usual migraine attacks, which may have encouraged them to seek urgent evaluation. In addition, prolonged auras or other atypical manifestations of migraine often prompt a referral to a neurologist, therefore simplifying the prehospital pathway despite misdiagnosis. However, patients with visual field defects frequently misinterpret or lack awareness of their symptoms 7 and should not be proclaimed asymptomatic without proper examination. Hence, a careful assessment of visual fields is required not only for those reporting binocular visual field defects, but for all patients with acute visual symptoms.
The factors associated with shorter delays agree with previous studies. EMS utilization 10, 20, [26] [27] [28] [29] 31 and direct pathway 20, 27, 30 have consistently emerged as predictors for earlier arrival. In HUCH, patients are predominantly admitted either by referral from another healthcare unit or directly by EMS if recognized as a neurological emergency.
Therefore, it is understandable that both the use of EMS and direct pathway were associated with ODT≤4.5 hours. Past results vary more in regard to atrial fibrillation, with both neutral 31, 32 and positive 20, 29 results. The positive association might be explained by patients' and physicians' awareness of atrial fibrillation as a cerebrovascular risk factor. However, the association disappeared after multivariable analysis and was not consistent in regards to other cardiovascular risk factors, similarly to most previous findings. 33 One previous study found no association between hemianopia and prehospital delay. 32 Our results show an increase in the proportion of patients with ODT≤4.5 hours during the study period, agreeing with previous reports. 19 We also observed more frequent use of EMS, which is likely to contribute to the greater number of patients eligible for thrombolysis. In addition, the improvement may reflect healthcare professionals' T A B L E 2 Pathway to the neurological ED presented for all patients and according to the stroke year increasing knowledge of the efficacy of IV thrombolysis for patients with isolated visual field defects. 16 The main limitation of the study is its retrospective, registry-based methodology. We received the data only as accurately as recorded in the medical records, so consequently, some of the symptom-onset and contact times to other units were approximated. This was most distinct in the longest prehospital delays. The categorical classification of ODT≤4.5 hours, however, was executed accurately. The methodology may also underestimate the prevalence of past history of ophthalmologic disorders and migraine, because this is not routinely enquired from stroke patients, although they should belong to the differential diagnostics of visual stroke symptoms. The strength of the study is our large number of patients with uniform neurological presentation of predominantly visual symptoms.
In conclusion, our results suggest that occipital stroke patients with mainly visual symptoms arrive to definitive care late and through many points of care. They do not recognize their symptoms as stroke related, and they contact health care late and are rarely transported by EMS. Moreover, they are frequently misdiagnosed and either referred to, or independently seek the attention of, an ophthalmologist instead of a neurologist.
Prospective studies are required to confirm our findings and the magnitude of the problem. However, these results suggest that to improve these patients' acute treatment, and thereby outcome, awareness of stroke-related visual symptoms should be raised among both the public and healthcare professionals. There is evidence that mass-media campaigns such as FAST (Face, Arm, Speech, Time) have reduced prehospital delay and increased EMS utilization, 34, 35 and also thrombolysis rates. 35 The effect may mainly be mediated by increased awareness among relatives and bystanders, and not patients themselves, 34 suggesting campaigns aiming to raise awareness of visual symptoms as a sign of stroke should be targeted at the general public, and not just risk groups. In the UK, the FAST campaign was associated with reduced admissions through general practitioners, 34 so a similar campaign for visual symptoms could help address the delays associated with primary care visits identified in our study.
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